Aim: To characterize familial prostate cancer including hereditary prostate cancer and assess the disease-free survival following radical prostatectomy. Methods: A self-administered written questionnaire was forwarded to 709 prostatectomized patients from the Aarhus Prostate Cancer Study containing questions about cases of prostate cancer (PC), age at diagnosis, vital status, and age at death for all first-degree relatives. Patients were then divided into groups according to their family history: hereditary prostate cancer (HPC), familial prostate cancer (FPC), and sporadic prostate cancer (SPC) groups. The information from a subset of both FPC (n = 17) and SPC (n = 17) groups were validated in the Danish Cancer Register and the Civil Registration System. Between groups, we described the association of age, prostatespecific antigen (PSA), postoperative Gleason score and T Stage. A Kaplan-Meier curve demonstrated postoperative disease-free survival in each group. Results: The response rate was 81% (574/709). About 21% of the patients were categorized in the FPC group, of which 7% were identified as having HPC. The median follow-up time was 63 months for HPC, 65 months for FPC and 88 months for SPC. Overall, there was no significant difference between groups in clinical features and disease-free survival except that patients with HPC were significantly associated with younger age than sporadic cases (p = 0.02). The proportion of self-reported PC diagnoses confirmed in the cancer register was 27.8%. The index persons with SPC reported no PC in first-degree relatives and none was found the cancer register. Conclusion: Overall, we found no difference in clinical characteristics and survival, following radical prostatectomy except that patients with HPC were younger at diagnosis. These results are in line with previously reported data.
Introduction
In 2008, prostate cancer (PC) was the second most frequently diagnosed cancer disease in men worldwide with an incidence of 913,000 cases [1, 2] . Approximately 4000 new cases were diagnosed in Denmark in 2009 making PC the most common cancer type in men [3] . PC is a heterogeneous cancer disease and at present, it is difficult to foresee which PC cases are going to progress and which are not. It is important to find ways of distinguishing between indolent and aggressive forms to avoid unnecessary prostatectomy and related morbidities. Family history is one of the strongest risk factors for PC. Having a first-degree relative with PC increases the risk of developing the disease by 2.5-fold, and the risk increases additionally if the relative has early-onset of PC or if multiple first-degree relatives are diagnosed with PC [4] . Family history and twin studies support the notion that heredity plays an important role in PC, and observations of clustering in certain families gave rise to the definition of hereditary prostate cancer (HPC) [5] [6] [7] [8] HPC does not seem to differ clinico-pathologically from the sporadic form except that disease presentation has been reported to be 6 -7 years earlier [5, 9, 10] .
Despite several large epidemiological studies, there is not yet clear evidence for clinico-pathological characteristics that can be used to guide decisions about which PC patients need treatment. Patients who have undergone radical prostatectomy for clinically localized PC (cT1c-cT2c) are described clinically when enrolled in the Aarhus Prostate Cancer Study. The aim of this study was to identify and characterize individuals with an inherited susceptibility to PC and investigate the impact of family history on the prognosis. tively collected including clinical and biochemical data on all patients undergoing radical prostatectomy between April 1997 and April 2010. Every visit at the outpatient clinic has been registered, both before and after surgery. Patients have been followed at the outpatient clinic at standard intervals: 3 months, 6 months and 12 months after surgery. Subsequently, the patients' general practitioners have performed annual clinical and biochemical follow-up. The results of tests and examinations relevant to the study performed at the patient's referring hospital have been retrieved together with the medical records.
The Danish Data Protection Agency approved the study. Written and informed consent was obtained from all participants.
The study population comprised 731 consecutive patients from the Aarhus Prostate Cancer Study that were diagnosed with clinically localized PC and underwent radical prostatectomy from 1997 to 2010 at Aarhus University Hospital (Figure 1) . Of the 731 individuals, 22 patients were excluded for various reasons (i.e. unknown addresses, deaths, adoption, and dropouts). Between September 2007 and November 2009, a self-administered written questionnaire was therefore forwarded to 709 enrolled patients. The completion of the questionnaire was ensured by a reminder letter containing another copy of the questionnaire, but no more than three reminders were permitted. The relationship to the respondent, age at diagnosis, vital status, or age at death were requested for all first-degree relatives. All questionnaires were evaluated and used to divide respondents into two groups: 1) patients with familial prostate cancer (FPC); and 2) participants with sporadic prostate cancer (SPC). The FPC group was defined by at least two first-degree relatives with PC, including the index person, and included cases with HPC identified according to the eligibility criteria by Carter et al. [5] . The Carter criteria were 1) at least three first-degree relatives diagnosed with PC; 2) two first-degree relatives with PC diagnosed before age 56; or 3) at least one PC case in each generation, either paternal or maternal lineage, through three generations. The SPC group included cases with no reported family history of PC.
Identification of Relatives and Cancer Diagnosis Verification
All Danish citizens, living or born on 1 April 1968, have been given a unique personal identification number. This identification number secures linkage between all Registries in the health and social systems. Verification of selfreports was attempted for a selected subset of 17 patients with a family history of PC and an age-matched group of 17 SPC cases. From the questionnaires, the names and date of birth of the first-degree relatives were obtained and these were confirmed in the Civil Registration System. This system does not contain links between family members before 1960; however, our entire study population was born before 1960. If no information could be obtained on first-degree relatives, the Danish State Archive in the region where the family member was born was contacted. The Danish State Archive was established in 1891 and has continuously collected information from church books and, since 1924, from the National Registration Office. If the Civil Registration System or the States Archives could not provide the data of the relatives, the National Registration Office in the municipality where the family member was born was contacted. Every first-degree relative identified through these searches were once more validated in the Civil Registration System and then linked to the Danish Cancer Registry using their personal identification number or by their full name and date of birth. The Danish Cancer Registry was established in 1942 and is based on compulsory reports of diagnosed cancers, with a coverage close to 100% [11, 12] . All cancer diagnoses including PC and any other cancers, diagnosed before November 2009, were identified.
Statistical Analyses
Data management and statistical analyses were performed . Frequency distributions for survey variables by groups and overall were generated to describe the study sample. Preoperative variables including PSA, Gleason score and T stage of prostate tumors were classified according to the D'Amico clinical risk score [13] . Age was a normally distributed variable and the means were compared between FPC, HPC and SPC using ttest, equal variances assumed (standard deviation test). The median of PSA was calculated and the difference between the groups was compared by using the Mann-Whitney test. Using Pearson's chi-square and Fisher's exact test, the categorical parameters were assessed, including postoperative Gleason score (≤6 vs. 7 vs. ≥8) and postoperative T stage (≤pT2a vs. pT2b vs. ≥pT2c). Using the Kaplan Meier method, we performed disease-free survival curve and log rank test for statistical differences between groups. Time at risk was calculated from the date of surgery to the date of biochemical recurrence or PC-specific death; other patients were censored at their last blood test. Biochemical relapse was determined by one single PSA measurement ≥0.2 ng/ml after radical prostatectomy. The estimates were given with 95% confidence interval (95% CI), and significance was achieved at p < 0.05.
Results
We sent out Questionnaires were sent to 709 eligible individuals and we received answers from 574 (80.9%) respondents. Of the 574 respondents, 120 (20.9%) stated a family history with at least two cases of PC in the family and were hence assigned to the FPC group. Of those, 38 (6.6%) cases also fulfilled the definition of HPC according to Carter et al.'s criteria [5] . The remaining 454 (79.1%) men were included in the SPC group. Generally, the patients (index persons) could not account for when their relatives (probands) had been diagnosed with PC and they tended to provide information only about those who had a PC diagnosis. Validation of PC diagnoses was conducted for 17 index persons with FPC as well as for 17 men with SPC. However, only first-degree relatives were validated, a total of 228 first-degree relatives were identified and confirmed in the Civil Registration System, and they were almost equally distributed between men (n = 109) and women (n = 119). Of 228 first-degree relatives, 113 were relatives to the FPC cases and 115 were relatives to the SPC cases. During the investigation, 144 of 228 relatives were identified although they were not mentioned in the questionnaires. Index persons with FPC had 18 family members diagnosed with PC, mainly fathers and brothers, of which 5 were confirmed in the Danish Cancer Registry. The proportion of self-reported PC confirmed in the register was 27.8% (5/18). The Cancer Register confirmed that index persons with SPC had no relatives diagnosed with PC. After validation, 12 index persons from the FPC group were included in the SPC group.
Demographic information and clinical characteristics including age at diagnosis, family history of PC and any cancer diagnoses in first-degree relatives, pre-and postoperative PSA, Gleason score and Tumor Node Metastasis stage (TNM) are summarized in Table 1 . Kaplan-Meier curves for biochemical relapse-free survival are shown in Figure 2 . The median follow-up time was 65 months for the FPC group, 88 months for the HPC group and 63 months for SPC group. The mean age at diagnosis was 62.2 years in patients with FPC, 60.9 years in patients with HPC and 63.1 in patients with SPC. Overall, there were no significant differences except for HPC patients were significantly younger than SPC patients (p = 0.02).
Discussion
Family history is one of the strongest risk factors for PC. Many large cohort studies have consistently reported a marked clustering of PC in some families with PC risk associated with the age at diagnosis of the kinship and the number of relatives [4, 5, 14] . The definition of HPC is currently based on epidemiological observations, and there are no reported clinical traits that clearly separate HPC from SPC. In this study, we assessed the clinical and pathological characteristics of FPC, HPC and SPC as well as disease-free survival. We found that there were no significant differences between FPC, HPC and SPC cases except that patients with HPC were significantly younger than patients with SPC. These findings are in accordance with previous studies.
In this study, the FPC accounted for 20.9% of all PC cases and HPC for 6.6%; this was in line with previously reported data [15, 16] .
The patients were diagnosed from 1998 and onwards. After radical prostatectomy, the patients entered the control programme for 6 -12 months at the outpatient clinic, including regular PSA assessment. Hereafter, they were discharged to be followed at the general practitioner. The short median follow-up time (two to two and a half years) reflected, among others, the misconception among many patients that PSA assessment on a regular basis after surgery was not necessary. The survival curves for FPC and SPC were parallel until 60 months after surgery where the survival of FPC cases became worse than SPC (Figure 1) . The disease-free survival of HPC and SPC had a similar course.
There were no significant differences between HPC, FPC, and SPC in tumor variables and biochemical recurrence ( investigated diagnostic modalities, age, pathological tumor grading and staging, and PSA in cases with FPC, HPC, and SPC [18] . Age was the only significant parameter differing between groups; HPC was detected 4.7 years earlier than sporadic cases (p < 0001). Similarly, in a study population of men undergoing radical prostatectomy, Sacco et al. found that the HPC group was five years younger than the SPC group (p < 0001), otherwise, no significant differences were observed in clinical and pathological variables [16, 19] . Younger age at diagnosis among cases with family history is expected for a genetically determined disease. However, early diagnosis of PC may in part be explained by an increased awareness among yet unaffected members in HPC families once a close relative is diagnosed with PC. The fact that the difference in age at diagnosis between HPC and SPC was smaller in the present study compared to that reported in other studies may be because PSA screening is not yet implemented in Denmark although it is much debated. Furthermore, the PC awareness has been increased among urologists only in the last or two decades as more treatment modalities including radical surgery and radiation therapy were introduced.
HPC is much more complex than initially anticipated. The genetic heterogeneity of HPC may underlie the conflicting reports of the clinico-pathological presentation of the disease. Some reported HPC being associated with low grade and or localized tumor [18, 20, 21] . In other studies, prostate cancer in families linked to HPC1 was characterized by early onset and high grade or stage [22] [23] [24] . Disease outcome were investigated as well. In a study, patients with a family history of PC were associated with biochemical recurrence following radical prostatectomy [25] . In other studies, however, relapse-free survival did not differ between SPC and HPC or patients with a family history [10, 26] . Thus, the clinical and pathological characteristics of HPC remain controversial at all clinical stages [10, 18, 27] .
Although HPC is a genetically heterogeneous cancer disease, it displays noteworthily scarce differences in clinical characteristics between HPC and SPC. Without specific hereditary prostate cancer genes and with present operational definition of HPC based on epidemiological criteria, it is difficult to discriminate true hereditary cases from non-hereditary cases and HPC families may include members with likely "phenocopies" [5] .
We validated the self-reports of PC in first-degree relatives using the Civil Registration System and the Danish Cancer Registry. Seventeen FPC cases were randomly selected and 17 SPC cases were age-matched. Contrary to what we would expect, the concordance between selfreports and the Danish Cancer Registry was poor for the HPC cases. It was stated that 18 first-degree relatives (nine fathers and nine brothers) were diagnosed with PC; however, only five (one father and four brothers) of those were confirmed by the cancer register. The cancer Register confirmed that first-degree relatives of SPC cases were not diagnosed with PC. Several population-based studies addressing the accuracy of self-reports observed both high and low accuracy rates for PC; however, the inconsistency may in part be due to cultural factors e.g. PC awareness and treatment modalities [28] [29] [30] . The patients with a family history were all in the 70's except for one case (51 years) and their brothers likewise. Their fathers died in the early 80s, which is prior to the introduction of PSA assessment and treatment modalities in Denmark. Although the fathers had PC, the diagnosis would not be found in any medical records. This may explain the discrepancy between the cancer register and the self-reported PC diagnoses in fathers; however, this explanation cannot justify the discrepancy regarding the brothers. When reporting PC in brothers (and fathers), the patients with family history might misinterpret any symptom in the prostate as PC.
Potential limitations of our study are misclassification; the proportion of true hereditary cases is unknown as long as the HPC definition is based on family history. Moreover, PC awareness in certain families may increase the number of medical contacts, and PC may therefore be detected earlier in those families because of a strong family history. Patients included in this study all underwent radical prostatectomy and they might not be representative for the whole spectrum of PC as patients with very aggressive PC that had a poor prognosis and were likely to die from PC at a young age were not included. The last issues to be addressed are the small sample size, in particular the HPC group, and the short follow-up time.
Conclusion
No differences were observed in disease-free survival, tumor staging and grading between HPC, FPC, and SPC groups. Our data confirmed results of previous studies that patients with HPC or a family history were signifycantly younger than sporadic cases. These results suggest that patients with HPC should not be treated differently from patients with SPC.
Perspectives
Future studies may focus on the molecular and genetic Copyright © 2012 SciRes. OJU
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43 characterization of the study samples. However, in future studies, we intend to include advanced PC cases that are likely to progress rapidly as the current cohort comprises only patients with localized PC.
